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ABSTRACT 



rpevice forjneasuring a time interval which comprises 
^a-capad to^Wcjriscfi^ fir^ime}inter^ 
yal-andris discharged during a second time interval 
r and-also' corn prises two resistqre which are connected } 
to the inputs of an operational amplifier and td the car 
pacitor in a manner such that the ratio between the 
charge and Jhe discharge timesjs^qportional to the 
ratio between the" values of the resistors. By making 
this resistance ratio one to ten thousand short time in- 
tervals in the nanosecond range may be converted into 
time intervals which lie in the microsecond or millisec- 
ond range and hence can be measured with a higher 
degree of accuracy. 

10 Claims, 5 Drawing Figures 
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DEVICE FOR MEASURING A TIME INTERVAL voltage source during the first time interval and the dis- 

Th . _„„„,. f . . . . , charging means include an operational amplifier the 

The present invention relates to a dev.ce for measur- first input terminal of which is connected to the capaci- 

mg a time interval. It relates more particularly to a de- tor and the second input terminal of which is connected 

vice for measunng a time interval which comprises a 5 via a second resistor to the said voltage sourceTth rd 

capa.ci or, charging means which are connected to the resistor is connected between the output and the said 

which ^ S "PP'y ^ durin 8 a , fi ^ '"terva. first input terminal and a fourth resistor is connected 

which depends upon the tune interval to be measured, between the output and the said second input terminal 

discharging means which conduct the charge away of the operational amplifier. The means for measuring 

from the capacitor during a second time interval which 10 the second time interval includes a voltage comparator 

™? to *• R ]*\ t,me interval, and means for mea- one input of which is connected to the said second 

*™w? CO "* t t,m V n,e, : vaL Such devi< * s e "able inP«« terminal and the othe input of which is connected 

every short ,me jntervals to be measured by causing a to the reference line to which the voltage source and 

proportional prolongation thereof which is based on the capacitor are also connected. According to the ar- 

time w&f/n ' nC,P C: * ? Pa< u t0r * Cha, ? ed duri "« a 15 the ratio between the first and second time 

2 ItES £ di^hS°H al 10 10 bcmeasured in ^rvals is proportional to the ratio between the values 

and then is discharged dunng a far longer time which of the fourth and third resistors 

13 wi. T T t0 10 bC measured ' h one embodiment the voltage source is a pulse hav- 

JnT t knOWn , deV ' CeS may , C u mpnSe ' f0f CXample> 3 ing a durati ° n to "e measured a variable amplitude 
capacitor which is connected through a switch to a first 20 which is stored in a storage device a rnpmuae 

^r r !!lH 8 ! nerat0r a " d ^ - ,0 3 ?L COnd CUFrent genera " Embodiments of the invention will now be described 

Z , a ? U "^ dCY '^ „ The SeC ° nd generat0r by wa * of exam P ,e - with reference to the accompany-' 

causes a current , to flow which originates from the ca- i„g diagrammatic drawings, in which- 

pacitor and flows to the generator and the value of FIG. 1 shows schematically a device according to the 

which is much smaller than that of the current I which 25 i nven ti 0 n in which a make switch is used 

delivered by the first generator and flows from this first FIG. 2 shows an embodiment of a device according 

current generator to the capacitor with the switch to the invention in which a break switch is used 

5 / T b V W 18 , V n l C, °_ SCd condition du ™g a FIG. 3 is a graph which illustrates the waveform of 
time f, to be measured, the first generator linearly the voltage across the capacitor 

charging the capacitor with a constant current which is 30 FIG. 4 shows another embodiment of the device ac- 

Whi V~ ' ?u T" I? s " bstantiaI1 y et > ual to ^rding to the invention using monostable multivibra- 

When the time /, has elapsed, the switch is opened and tors as switches and 

^L?™ 01 '^ diS T arg ^ "i!"" 1 *' - he diS - ChargC CUrrent FIG " 5 is a cir ' cuit dia e ram of an embodiment of the 

being equal to i. The discharge time /, is proportional device according to the invention 

to the charge time /, in the ratio Hi. Then the time < 2 is 35 Referring now to FIG. 1, S, denotes a switch which 

measured by means of a time measuring device, for ex- is closed during the time interval to be measured At 

ample, by counting the number of pulses from a high- the beginning of the measurement a capacitor 14 has 

requency pulse source by means of a counter. This en- a fixed reference potential, for example, the ground po- 

ables the t.me to be deduced because the ratio I/i is tential which is shown as a common referencf line. One 

, a ■ u , . , terminal of the switch S, is connected to the capacitor 

Such a device has many disadvantages the most im- 14 and the other terminal is connected to one end of 

portant of which are: a resistor 12, the other end of which is connected to a 

Jvh 7? l ° manufacture current generators voltage source 13. The capacitor 14 has one terminal 

Sin, rh'ir'f S CUrrent : ^ ' and f t,n . have 45 connected to ground and its other terminal connected 

sufficient stability, from commercially available circuit 45 to an input 15 of an operational amplifier 16 and to a 

6 a, u . , . . . resistor 17. A second input 18 of the operational ampli- 
Also. because the discharge characteristic for a linear fier 16 is connected to the voltage source 13 via a resis- 

iS^H. ,t V V!r g u 1 "' the transi,i0n 10 3 tor 19 and also 10 an out P ut of the measuring means 21 
I ZZZ I g l t h ° ld , aCr0SS thC CapaC ' t0r Cann0, aC " 50 of known and toone endof aresistor 22 the other 

curately be determined. C nd of which is connected to the resistor 1 7 and to an 

The dev.ee according to the invention enables these output 23 of the operational amplifier 16. The source 

d.sadvantages to be avoided. 13 and a reference inputofthe measuring means?! are 

It is an object of the invention to obtain a ratio be- also connected to ground 
tween the charge and discharge times of the capacitor During the interval in which S, is in the closed condi- 
wh eh s simple, stable and accurate It is another ob- 55 tion, the voltage across the capacitor 14 will rise ac 

ject of the invention to provide a discharge curve of the cording to a power of e towards the potential of the 

capacitor which will enable the transition to a given source 13 with a time constant determined by the val- 

voltage threshold across the said capacitor to be accu- ues of the resistor 12 and the capacitor 14. At the in- 

rately measured i.e such that the transition of the volt- slant at which S, is opened, the voltage V,< across the 

age to this threshold value is rapid. For this purpose the capacitor 14 has reached a value which li« between O 

device according to the invention is arranged so that and V M . V„ the voltage of the source 13. The discharge 

the ratio between the charge and discharge times of the current which flows through the resistor 17, and which 

capacitor is equal to the ratio between two resistors. was negligible during the charging, will now discharge 

According to the invention a time interval measuring the capacitor. A current also flows from the source 13 
device of the type mentioned at the beginning of this to the output 23 of the operational amplifier 16 
specification is characterized in that the charging through the resistors 19 and 22. Owing to the proper- 
means include a first resistor which is connected to a ties of the operational amplifier the voltage at the input 



05/05/2004, EAST Version: 1.4.1 



3,790,890 

3 4 

terminal 18 will follow the voltage at the input terminal curve 25 by rotating this curve through 90° about a 
15. The following relationships always obtain:" V i3 - V M point 28 and stretching the curve according to the ratio 
= IRiq and IR« = IR l7f where I is the current flowing between the values R 17 and R^. 

through the resistor l-9=of value R, fl and resistor 22 of The gradient of the discharge curve 26 increases dur- 
value R22, and i is the discharge current of the capacitor 5 ing the discharge of the capacitor 14. This gradient has 

^14 of value C M through the resistor 17 of value R, 7 . the property of steadily increasing. On reaching zero 

Furthermore:^^. - - voltage its value is equal to a. Thus, the transition of 

fHV /dn - - (UC \- - n r ir r \ - - ( v - the voItage across the ca P acitor 14 t0 a S iven voyage 

(dV M /dt) - IJLm)- (I L1W U R.r)- (V 13 threshold in the vicinity of zero can accurately be de- 

v M )/K,» (K 2J /C l4 K, 7 ) 10 termined. The gradient a can be calculated from one 

Assuming the time constant of the combination of the of the preceding formulae, with V„= 0: 

resistors and the capacitor to be T and the initial volt- _ _ _ 

age across the capacitor 14 to be V 0 , then: (dv l4 /dt) - V| 3 - ( l/T) - V I3 UM ' ( 1/RuCu) 

T mv /nn = 4-v — v Wheni for example, the maximum time t x to be mea- 

K ] u 13 15 sured is made thrice the RC time constant R lt C M , near 

the solution being: the zero point the gradient also will be thrice that found 

V =v -(V - V ^ 4- (\IT\ m the known s y stem » using charge and discharge cur- 

u is \ v l3 v 0 ; € -i- tt/i j fent sources and assuming thal ^ ratio t j gf is equa j 

Referring to the charge time of the capacitor 14, i.e. and the capacitor can be charged to a maximum of V, 3 . 

the time to be measured, as then: 20 In FIG. 3 the improvement will be seen by drawing a 

v=v ri - * _ /p r- \i straight charge line from the zero point to the peak 

0 13 1 1 € ( ' l/K » c "" value, i.e. along the curve 25, and a straight discharge 

When this is substituted in the preceding equation we line from the peak value to the point 27 along the curve 

have: 26. The gradient a is greater and hence gives improved 

v =v ri_ (*rr\-t*m n w 25 zero discrimination. 

v M v l3 1 i € (tn ) (r,/R 12 c l4 ) j Jn FIG 4 the paraIle| switch of FIG 2 . s replaced by 

^rThe measuring means 21 of FIG. 1 may comprise a an AND gate circuit which comprises diodes 6 and 7 
voltage comparator which compares the potential of connected in series with a resistor 5 to ground and a 
the common reference line, which is shown as ground, diode 9 connected to ground through a resistor 8. At 
with the potential of the input terminal 18. This com- 30 the junction point of the diode 6 and the resistor 5 a 
parator triggers the time measuring device, which is monostable multivibrator 3 having a start input 1 is 
also included in the measuring means 21, when a posi- provided as a switch, and at the junction point of the 
tive voltage appears at the input 18 and hence across diode 9 and the resistor 8 a monostable multivibrator 
the capacitor 14, and stops this device when receiving 4 having a stop input 2 is provided, 
a signal which indicates that the input terminal 18 has 35 Operation of the device is as follows: when the mono- 
reached zero potential. The time measured is referred stable multivibrator 3 detects the positive leading edge 
to as t 2 and may be substituted in the preceding equa- of a pulse (commencement of the measuring cycle) at 
tion, taking into account that V u has become zero. its input 1 it becomes operative and delivers a signal 
From this it follows that having a width A t. Similarly the monostable multivi- 
n — f/nr\'t 4 ° brator 4 becomes operative when it detects the positive 
hl\ -IWCm) or leading edge of a pulse (termination of the measuring 
'i = (Ri2 C, 4 R22/R19 C14 R1T) h or cycle) at its input 2, whereupon it delivers a pulse the 

-l, =" : (RW/R.t) '2. when -R u - R te ? idth of wh ! ch ^lightly greater than A*. The time to 

be measured is the time interval /' between the com- 
R l7 may be made many times, for example, ten thou- 45 mencement pulse and the termination pulse. When the 
sand times, greater than R 22 . Thus the interval t 2 two monostable multivibrators 3 and 4 are not opera- 
measured is greater than the interval f t to be measured tive, the current traversing the resistor 12 flows away 
by the same factor. to ground through the diode 9 and the resistor 8 owing 
In FIG. 2 corresponding circuit elements are desig- to the asymmetry of the circuit. When the monostable 
nated by the same reference numerals. A switch S, is 50 multivibrator 3 becomes operative the operation of the 
connected in parallel with the capacitor 14 and except system remains the same. When both monostable mul- 
during the time interval to be measured is always tivibrators 3 and 4 are operative, the AND gate 24 
closed. A diode 1 1 is connected between the capacitor opens and the capacitor 14 is charged through the re- 
14 and the junction of the switch S 2 and the resistor 12. sistor 12 and the diode 11. As soon as the monostable 
To compensate for the voltage drop across the diode 11 multivibrator 3 becomes inoperative again the AND 
a diode 20 must be connected in series with the resistor gate 24 is closed and the capacitor 14 discharges. 
19. In the device shown in FIG. 2 the switch S 2 may be Thus, the capacitor 14 has been charged during a 
a transistor, a flip-flop, a Schmitt trigger or a similar time interval: 

semiconductor circuit element. , 5 

FIG. 3 is a graph illustrating the charge curve 25 and /'r^'A * "* 

the discharge curve 26 of the capacitor 14. The voltage . during which time interval the AND gate 24 was open. 

V across the capacitor 14 is plotted as the ordinate and When the AND gate 24 closes the capacitor 14 dis- 

time t as the abscissa. The period r, is the charge time charges through the resistor 17 during a time interval 

of the capacitor 14 and t t its discharge time. 65 r 2 . 

At a point 27 the gradient of the discharge curve 26 For some uses it may be of advantage to measure 

is a* The dashed line V 13 is the supply voltage of the de- very short times by means of the described indirect 

vice. The discharge curve 26 is derived from the charge method in which the time constant Ar greatly influ- 
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ences the accuracy of the measuring results. It may be third resistors, and wherein the means for measuring 

assumed that the monostable multivibrator 3 is capable the second time interval includes a voltage comparator 

of delivering a signal having a duration of 1 50 nanosec- having one input connected to said second input termi- 

onds ±0.1, the prolongation factor may be 10* and nal and the other input connected to a reference line 

pulse durations between 0 and 1 50 nanoseconds may 5 to which the voltage source and the capacitor also are 

be measured with an accuracy of 0.25 nanosecond. connected. 

Since the value of the supply source 13 docs not ap- 2. A measuring device as claimed in claim 1, charac- 

pear in the measuring results, in principle the supply terized in that the ratio between the resistance values 

source 13 may be replaced by the pulse source itself of the fourth and third resistors are chosen to be of the 

which may have a given variable amplitude. 10 order of one to ten thousand. 

FIG. 5 shows an embodiment in which this principle 3. A measuring device as claimed in claim 1 wherein 

is applied. The amplitude limits of the pulse to be mea- said means for connecting the first resistor to said volt- 

sured must not vary by too great a factor because oth- age source comprises a switch connected in aeries with 

erwise the gradient may be adversely affected at the the first resistor so as to pass current during the first 

zero point. In this embodiment a storage device is re- 15 time interval. 

quired to store the pulse amplitude after the time f,. 4. A measuring device as claimed in claim 1 further 

The device shown in FIG. 5 comprises a storage de- comprising a gate diode connected between the first 

vice 30 of a known type having an input 29, a reset-to- resistor and the capacitor and a compensating diode 

zero input 32, measuring means 21 and a device ac- connected between the second resistor and the ampli- 

cording to the invention 31. 20 fier second input terminal, and wherein said connecting 

In the device shown in this Figure elements which are means comprises a switch connected between the junc- 

designated by the same numerals as in FIG. 1 perform tion point of the first resistor and the gate diode and 

the same functions. The pulse source which delivers a said reference line so as to pass current outside of the 

pulse of known duration and variable amplitude is con- first time interval and to pass no current during this in- 

nected to the input 29 of the storage device 30. The 25 terval. 

storage device 30 is charged to a voltage which corre- 5. A measuring device as claimed in claim 1 for mea- 

sponds to the pulse amplitude, while the capacitor 14 suring the duration of a pulse delivered by a pulse 

is charged via the resistor 12. The device according to source wherein the pulse source comprises said voltage 

the invention then operates in exactly the same manner source to which the first resistor is connected in series 

as described hereinbefore. On termination of the pulse 30 with a diode, a compensating diode connected in series 

discharge commences via the resistor 17. The input 18 with the second resistor, and a storage device coupled 

of the operational amplifier 16 is fed via the diode 20 between the pulse source and the second resistor which 

and the resistor 19 by the storage device 30 which dur- stores and maintains the voltage amplitude of the pulse 

ing the entire discharge period maintains a voltage source, and a control input provided to reset the stor- 

equal to the initial pulse amplitude. On termination of 35 age device to zero on termination of the time measure- 

the measurement the storage device 30 is reset to zero ments. 

to permit the succeeding measurement. 6. A device for measuring time intervals comprising, 
The possible uses of the device according to the in- a source of voltage, a capacitor, a first resistor con- 
vention are numerous and various. Particular instances nected to the capacitor as a part of a charge circuit 
ar ^ : _ 40 therefor, means for selectively connecting said voltage 
measuring toe-time betweea two pulses, source to said capacitor charge circuit to charge the ca- 
measuring:the-leadirig^edges of pulses, * pacitor during a first time interval determined by the 

measuring the widths of pulses, ^ . . . _ _ . time interval to be measured, an operational amplifier 

determining -a~ passage through zero with a high de- having first and second input terminals and an output 

gree of accuracy,^ 5 terminal, means including said operational amplifier 

use in pulsexode modulation, > for discharging the capacitor during a second time in- 

,use in radar. - terval that is substantially longer than said first time in- 

What is claimed is: terval and is in a given ratio to the first time interval, 

1. A device for measuring a time interval comprising a second resistor, means connecting the first input ter- 

a capacitor, means for charging the capacitor during a minal of the amplifier to the capacitor and the second 

first time interval which depends upon the time interval input terminal to said voltage source via said second re- 

to be measured, means for discharging the capacitor sistor, third and fourth resistors, means connecting the 

during a second time interval which is related to the third resistor between the amplifier output terminal 

first time interval, and means for measuring the second and the first input terminal and the fourth resistor be- 

time interval, said charging means including a first re- tween said amplifier output terminal and said second 

sistor and means for connecting said resistor to a volt- input terminal, the resistance values of said third and 

age source during the first time interval, and the dis- fourth resistors being chosen in the same ratio as said 

charging means includes an operational amplifier hav- given ratio between the second and first time intervals, 

ing a first input terminal connected to the capacitor 6Q and means for measuring the second time interval hav- 

and a second input terminal connected via a second re- ing an input terminal connected to the second input 

sistor to said voltage source, means connecting a third terminal of the amplifier. 

resistor between the amplifier output and said first 7. A measuring device as claimed in claim 6 wherein 
input terminal and a fourth resistor between the ampli- said selective connecting means comprises a switching 
fier output and said second input terminal of the opera- 65 device connected in series with the capacitor charge 
tional amplifier in a manner such that the ratio between circuit and arranged to pass current during the first 
the first and second time intervals is proportional to the time interval and to block the current during the sec- 
ratio between the resistance values of the fourth and ond time interval. 
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8. A measuring device as claimed in claim 6 wherein 
said selective connecting means comprises a switching 
device connected in shunt with the capacitor and ar- 
ranged to pass current during the second time interval 
and to block the current during the first time interval, 5 
a first diode connected in series with the capacitor in 
the charge circuit thereof, and a second diode con- 
nected in series with the second resistor and the ampli- 
fier second input terminal. 

9. A measuring device as claimed in claim 8 wherein 10 
said switching device comprises, third and fourth di- 
odes each connected in a shunt circuit with the capaci- 



tor, and first and second multivibrator circuits coupled 
10 said third and fourth diodes to selectively control the 
conduction thereof to provide said first and second 
time intervals. 

10. A measuring device as claimed in claim 6 wherein 
said measuring means includes a comparator having 
one input connected to the second input terminal of the 
amplifier and a second input connected to a voltage 
reference line to which the voltage source and the ca- 
pacitor are also connected. 

* * * * * 
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